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A B S T R A C T

Purpose
This report examines cognitive complaints and neuropsychological (NP) testing outcomes in

patients with early-stage breast cancer after the initiation of endocrine therapy (ET) to determine
whether this therapy plays any role in post-treatment cognitive complaints.

Patients and Methods
One hundred seventy-three participants from the Mind Body Study (MBS) observational cohort

provided data from self-report questionnaires and NP testing obtained at enrollment (T1, before
initiation of ET), and 6 months later (T2). Bivariate analyses compared demographic and treatment
variables, cognitive complaints, depressive symptoms, quality of life, and NP functioning between
those who received ET versus not. Multivariable linear regression models examined predictors of
cognitive complaints at T2, including selected demographic variables, depressive symptoms, ET
use, and other medical variables, along with NP domains that were identified in bivariate analyses.

Results
Seventy percent of the 173 MBS participants initiated ET, evenly distributed between tamoxifen

or aromatase inhibitors. ET-treated participants reported significantly increased language and
communication (LC) cognitive complaints at T2 (P = .003), but no significant differences in NP test
performance. Multivariable regression on LC at T2 found higher LC complaints significantly
associated with T1 LC score (P < .001), ET at T2 (P = .004), interaction between ET and past
hormone therapy (HT) (P < .001), and diminished improvement in NP psychomotor function (P =
.05). Depressive symptoms were not significant (P = .10).

Conclusion

Higher LC complaints are significantly associated with ET 6 months after starting treatment and
reflect diminished improvements in some NP tests. Past HT is a significant predictor of higher LC
complaints after initiation of ET.

J Clin Oncol 32:3559-3567. © 2014 by American Society of Clinical Oncology

cognitive functioning outcomes in the MBS cohort 6
months later after the initiation of ET to determine
whether this therapy plays any role in post-
treatment cognitive complaints.

During the past decade, there has been increased
attention to the impact of cancer treatments on
cognitive functioning after breast cancer.'™ Initial
studies attributed cognitive difficulties to chemo-
therapy.”® Emerging data suggest that all compo-
nents of cancer treatment may put patients at risk
and that there may also be pretreatment
impairment.”'* Few studies have examined the im-
pact of adjuvant endocrine therapy (ET) on cogni-
tive functioning.'>'* The Mind Body Study (MBS)

Study Participants and Procedures

The MBS cohort was recruited primarily using rapid
case ascertainment from the Los Angeles County SEER
registry to identify patients recently diagnosed with breast

was designed to address this question by recruiting a
prospective cohort of patients with breast cancer at
the end of primary treatment and before the initia-
tion of adjuvant ET.'* This report examines

cancer for invitation to participate in the study.'* Study
eligibility criteria included female age 21 to 65 years; newly
diagnosed with stage 0, I, II, ITIA breast cancer; completed
primary breast cancer treatments within the past 3
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months; have not started ET; available for 12-month follow-up; English-
language proficiency. Ineligibility and exclusions included standard risk fac-
tors for preexisting cognitive impairment; prior cancer treatment; active
autoimmune disease or insulin-dependent diabetes; chronic use of steroid or
hormone therapy (eg, estrogen, progestin compounds) other than vaginal
estrogen.'? Exclusions related to hormones and inflammatory conditions were
required as a result of other MBS aims focused on the biology of cognitive
dystunction. Consenting women were invited to participate in three separate
in-person assessments that were performed at baseline (T1) before the initia-
tion of ET if prescribed, 6 months (T2), and 12 monthslater (T3). Assessments
included self-administered questionnaires, neuropsychological (NP) testing,
and blood tests—all performed at each time point (described in earlier arti-
cles'>'®). This report focuses on self-reported cognitive complaints at T2. The
research was approved by the University of California, Los Angeles institu-
tional review board, and all participants provided written informed consent.

Demographic, Clinical Information, and Symptoms

Information was obtained from self-report and medical record abstrac-
tion. The Beck Depression Inventory II (BDI-II) assessed depressive symp-
toms during the 2 weeks preceding the study visit'® with higher scores
indicating more severe symptoms. We administered the RAND 36-item short
form health survey (SF-36) as a measure of health-related quality of life'”"*°
and report the physical and mental component scores.*

Cognitive complaints were assessed with the Patient’s Assessment of
Own Functioning Inventory (PAOFI),?! a self-report instrument with prior
evidence for correlation with neuropsychological test changes in patient sam-
ples.'>?>?* The PAOFI contains 33 questions and is divided into four sub-
scales: memory, higher-level cognition, language and communication (LC),
and motor sensory processing. Details of the scoring method used in the MBS
are summarized in a previous article.'?

NP Assessments

NP testing was conducted by a trained technician, supervised by a li-
censed clinical neuropsychologist, using procedures previously published."
The 120-minute test battery was administered at T1 and T2. NP test scores
were standardized to z-scores, with positive scores indicating outcomes better
than age-corrected normative scores, with a mean of 0 and standard deviation
of 1, and negative scores reflecting lower-than-normative performance.** Do-
main scores reflect average z-scores across each NP outcome included within
the domain. These scores were used to create NP test domains on the basis of
prior factor-analytic studies of larger NP data sets, as well as on groupings used
in other studies with this cohort”® (Appendix Table Al, online only). In
addition, we examined the association between results from a verbal fluency
task (F-A-S)*® and cognitive complaints associated with ET. The Wechsler
Test of Adult Reading, an estimate of full-scale intelligence quotient (IQ), was
administered only at T1.

Statistical Analyses

Our primary goal was to evaluate whether the initiation of ET after T1
had any effect on recovery from cognitive complaints that were present at the
end of primary treatment. We first compared patients receiving and not
receiving ET at T2 on medical and demographic characteristics, the BDI-II,
and SF-36, as well as PAOFI and NP scores, using X°> t-tests, or Wilcoxon
rank-sum tests. This approach identified significantly higher complaints on
the PAOFI LC subscale among women receiving ET. Additional bivariate
analyses were conducted to examine which variables were associated with
higher LC scores, using a score greater than one standard deviation above the
mean of healthy women to classify higher than normal complaints'? using x*
tests, t-tests, and analyses of variance to compare groups; significantly associ-
ated variables (P < .10) were included in regression models. Multivariable
linear regression models examined predictors of LC scores at T2, including
selected demographic and treatment variables (model 1), adding longitudinal
change scores for the NP domains identified in bivariate analyses (model 2),
with a final model that controlled for depressive symptoms at T2 (model 3).
Age and IQ were included as covariates for all NP analyses. Change in NP score
between T1 and T2 was chosen to take advantage of the longitudinal design,
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given that NP functioning was expected to improve over time as a result of
practice effects and recovery from primary treatment effects. Additional mul-
tivariable modeling explored possible differences in outcomes across type of
ET, comparing tamoxifen (TAM) versus aromatase inhibitors (AI). For the
multivariable linear regression analyses, the PAOFI LC score was transformed
using a [log(1 + x)] transformation because of non-normality of the unad-
justed scores. All statistical tests were two-sided, and all analyses were con-
ducted using SAS 9.4 (Cary, NC).

Participant Characteristics

One hundred eighty-nine women had data available at T1 before
the initiation of ET if planned. Figure 1 shows participant flow and
attrition between T1 and T2. For this analysis, we include the 173
participants for whom complete outcome data were available at T2,
performing covariate-adjusted analyses using the 169 participants
with complete data for all covariates. Comparing the 173 women in
the T2 sample with the 16 women enrolled at T1 and not assessed at
T2, we found that those who completed T2 evaluations were more
likely to be married (68% v 38%; P = .02) and had greater income
(63% v 31% with income > $100,000; P = .02) with no other signifi-
cant differences.

Study sample characteristics are listed in Table 1 classified ac-
cording to use of ET at T2. One hundred twenty-two (70%) of the 173
women were taking ET, with 50% receiving TAM, 47% receiving an
Al and the remainder receiving ovarian suppression therapy. Signifi-
cant differences between the ET and no-ET groups were time since last
treatment (shorter for ET, P < .001), type of treatment received (eg,
chemotherapy and radiation; P < .001); and stage at diagnosis (P =
.005). There were no significant differences in physical or mental
functioning (SF-36), nor depressive symptoms (BDI-II), at either time
point.

Enrolled at T1
(N =191)

Missing questionnaire
dataat T1
(n=1)

Unreliable NP test
results at T1
(n=1)

MBS baseline paper sample
(n=189)

Missed T2, but came
back for T3
(n=5)

Dropped out before T2
(n=11)

T2 sample this report
Included in tables
(n=173)
Included in regressions
(n=169)

(4 subjects missing HT)

Fig 1. Flow diagram of participant enrollment from the Mind Body Study
(MBS) cohort included in this article. HT, hormone therapy; NP, neuropsycholog-
ical; T1, before initiation of endocrine therapy; T2, 6 months after initiation of
endocrine therapy; T3, 12 months after initiation of endocrine therapy.
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Table 1. Patient Characteristics According to Use of ET at T2

Total
Total Sample Sample at No ET at T2 (n = 51) ETat T2 (n = 122)
atT1 T2
(n=173) (n=173) At T1 At T2 At T1 At T2
Characteristic No. % No. % No. % No. % No. % No. % T P* T2 P*
Age, years .60 .60
Mean 51.9 52.4 51.4 51.9 52.1 52.6
SD 8.1 8.1 8.7 8.7 7.9 7.9
Time since diagnosis, months .69 49
Mean 6.0 12.5 6.1 12.7 59 12.4
SD 2.7 2.7 2.9 2.9 25 2.6
Time since last treatment, months <.001 < .001
Mean 1.2 7.7 1.9 8.5 0.9 7.3
SD 1.0 1.2 1.1 1.3 0.8 1.0
BMI 42 .65
Mean 25.5 25.3 26.0 25.7 253 25.1
SD 5.3 5.2 5.0 4.9 54 5.3
Race NA NA NA .59t NA
White, non-Hispanic 140 81 40 78 100 82
Hispanic 15 9 4 8 11 9
Black 5 3 3 6 2 2
Asian 8 5 2 4 6 5
Other 5 3 2 4 3 2
Marital status NA NA NA 94 NA
Married 118 68 35 69 83 68
Not married 55 32 16 31 39 32
Education
Post college 91 B3 26 51 65 58
College 52 30 NA 14 27 NA 38 31 NA .62 NA
No college degree 30 17 11 6 19 17
1Q 15 NA
Mean 114.2 NA 112.7 NA 114.9 NA
SD 8.9 NA 10.1 NA 8.3 NA
Employment status
Full or part-time 109 63 NA 33 65 NA 76 62 NA .76 NA
Not employed 64 37 18 &5 46 38
Annual household income
= $100,000 107 63 NA 29 58 NA 78 65 NA .39 NA
< $100,000 63 37 21 42 42 35
Surgery NA NA NA .06 NA
Mastectomy 60 &5 23 45 37 30
Lumpectomy 113 65 28 55| 85 70
Treatment NA NA NA < .001% NA
Chemotherapy and radiation 70 40 18 35 52 43
Chemotherapy only 20 12 4 8 16 13
Radiation only 58 34 13 25 45 37
Neither 25 14 16 31 9 7
Anthracycline use (n = 90; if NA NA NA 13 NA
received chemotherapy)
Yes 22 24 8 36 14 21
No 68 76 14 64 54 79
Trastuzumab use at baseline NA NA NA NA
Yes 25 14 6 12 19 16 .52
No 148 86 45 88 103 84
Stage at diagnosis NA NA NA .005 NA
0 23 13 14 27 9 7
| 80 46 19 37 61 50
Il 54 31 13 25 41 34
1l 16 9 5 10 11 9

(continued on following page)
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Table 1. Patient Characteristics According to Use of ET at T2 (continued)

(continued on following page)

Total
Total Sample Sample at No ET at T2 (n = 51) ET at T2 (n = 122)
atT1 T2
(n=173) (n=173) At T1 At T2 At T1 At T2
Characteristic No. % No. % No. % No. % No. % No. % T P* T2 P*
Previous HT NA NA NA NA
Yes 51 30 12 25 39 33 .30
No 118 70 37 75 81 68
Menopausal status at T1 NA NA NA .48 NA
Pre- or perimenopausal 81 47 26 51 B 45
Postmenopausal 92 53 25 49 67 55
Time since LMP, months NA NA NA .50 NA
Mean 62.6 70.7 59.3
SD 86.5 107.4 76.5
Endocrine type at T2 (n = NA NA NA NA NA NA
122; if received ET)
Tamoxifen 61 50.0 61 50
Aromatase inhibitor 57 47.0 57 47
Ovarian suppression 4 3.0 4 3
SF-36
PCS 41 .35
Mean 45.7 49.8 46.6 48.8 45.4 50.2
SD 9.1 8.6 8.6 8.2 9.4 8.6
MCS .39 .39
Mean 49.3 49.7 50.2 50.7 48.9 49.3
SD 9.3 9.5 8.6 9.3 9.5 9.6
BDI-II .92 .55
Mean 8.7 8.6 8.8
SD 6.8 6.9 7.0
PAOFI§
Total .79 .20
Mean 3.3 3.7 3.2 2.9 3.4 4.0
SD 4.5 4.7 4.1 41 4.7 5.0
Memory 97 .30
Mean 1.5 1.4 1.5 1.2 1.5 1.5
SD 2.1 2.0 2.2 1.8 2.1 2.0
Higher-level cognition .26 19
Mean 0.6 0.7 0.4 0.5 0.7 0.8
SD 1.5 1.6 1.2 1.5 1.6 1.7
Language and 40 .009
communication
Mean 1.0 1.3 1.0 0.8 0.9 1.5
SD 1.3 1.7 1.2 1.2 1.4 1.8
Motor/sensory processing .78 12
Mean 0.3 0.3 0.3 0.4 0.3 0.3
SD 0.6 0.6 0.5 0.7 0.7 0.6
NP test
Verbal learning .54 .78
Mean 0.52 0.62 0.56 0.61 0.51 0.63
SD 0.6 0.7 0.7 0.7 0.6 0.7
Verbal memory .45 .68
Mean 0.72 1.10 0.68 1.07 0.74 1.1
SD 0.6 0.6 0.5 0.5 0.6 0.6
Visual learning .90 .20
Mean 0.01 -0.03 —0.00 -0.14 0.01 0.02
SD 0.7 0.7 0.8 0.7 0.6 0.6
Visual memory 21 .61
Mean —0.03 0.02 0.04 —-0.02 —-0.05 0.04
SD 0.8 0.8 0.7 0.7 0.8 0.9

3562
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Table 1. Patient Characteristics According to Use of ET at T2 (continued)

Total
Total Sample Sample at No ET at T2 (n = 51) ET at T2 (n = 122)
atT1 T2
(n=173) (n=173) At T1 At T2 At T1 At T2
Characteristic No. No. % No. % No. % No. % No. % T P T2 P*
Visuospatial function .45 .06
Mean —0.31 -0.21 -0.38 -0.35 —0.28 -0.15
SD 0.7 0.6 0.7 0.7 0.7 0.6
Psychomotor speed .27 .29
Mean 0.52 0.71 0.63 0.79 0.47 0.68
SD 0.6 0.6 0.6 0.6 0.7 0.7
Executive function .85 .65
Mean 0.35 0.53 0.32 0.45 0.36 0.57
SD 0.8 0.8 0.7 0.7 0.8 0.8
Motor speed .32 .60
Mean -0.24 0.09 -0.14 0.07 —0.28 0.10
SD 1.0 1.0 1.1 1.0 0.9 1.0

NOTE. Bold font indicates P = .05.

*Comparing values between no ET and ET.
TWhite v nonwhite.

Abbreviations: BDI-Il, Beck Depression Inventory Il; BMI, body mass index; ET, endocrine therapy; HT, hormone therapy; 1Q, intelligence quotient; LMP, last
menstrual period; MCS, mental component scale; NA, not applicable; NP, neuropsychological; PAOFI, Patient's Assessment of Own Functioning Inventory; PCS,
physical component scale; SD, standard deviation; SF-36, 36-item short form healthy survey.

FAlthough there is a significant difference (P < .001) when comparing all four treatment categories at once, there is no significant difference between
chemotherapy and no chemotherapy (P = .13). There is a significant difference between radiation and no radiation (P = .01).

8Because the PAOFI variables are not normally distributed, Pvalues in the table are the result of ttests performed on log(1 + x). Results of nonparametric Wilcoxon
rank-sum tests on the PAOFI values reported in the table were similar (P values not shown).

flUnadjusted; however, P values reflect adjustment for age, 1Q, and treatment type.

We also compared the characteristics of women who received
TAM versus Al therapy (Appendix Table A2, online only). Al recipi-
ents were significantly older, more likely to have used hormone ther-
apy (HT) in the past, and more often postmenopausal at T1 (all P <
.001), with significant differences in education (P = .01). Physical
functioning was also significantly lower (P = .001), as expected given
the age difference. There were no significant differences between pa-
tients treated with Al and with TAM on the BDI-II or PAOFI scores.

Cognitive Functioning

Cognitive functioning was assessed by self-report and NP testing.
Table 1 shows the comparison of the PAOFI total and subscales scores
and NP domain scores at T1 and T2 by ET status. There was no
significant difference by ET status at T2 for the mean PAOFI total
score or its subscale scores, with the exception of the LC subscale score,
for which the ET group had significantly higher complaints (P =
.009). NP domain scores did not differ significantly according to ET,
before or after controlling for differences in chemotherapy and radia-
tion treatment (data not shown). Bivariate examination of the NP
domains by Al or TAM use (Appendix Table A2), adjusted for age at
T2,1Q, and treatment, showed slower psychomotor speed and motor
speed in the Al patients compared with TAM patients.

Next we examined the bivariate relationships in women with
higher and normal level PAOFI LC complaints at T2 using the vari-
ables examined in Table 1 (Appendix Table A3, online only). The
following were found to be significantly associated with higher LC
scores at T2 and were identified for inclusion in subsequent regression
models: ET (P = .004), past HT (P = .09), shorter time since diagnosis
(P = .04), and higher BDI-II score (P = .001). Those with higher LC

Wwww.jco.org

complaints at T2 had significantly poorer performance on psychomo-
tor speed (0.48 v 0.82; P = .01) and executive function (0.28 v 0.65;
P =.02) NP domains at T2.

Multivariable Models Predicting LC Complaints at T2
Table 2 shows successive models regressing log-transformed LC
scores at T2 on relevant predictor variables. Model 1 includes age, 1Q,
chemotherapy and radiation, time from last treatment to T, past use
of HT, T1 LC score as well as ET use at T2 and the interaction between
past HT and ET. Model 2 adds the change in NP domain scores
between T1 and T2 for the psychomotor and executive function do-
mains. In model 3, we control for depressive symptoms by adding the
BDI-II scores. In model 1, the following were significant: T1 LC score,
the combination of past HT and ET at T2, and ET at T2 without past
use of HT. In model 2, the initially significant variables remained, with
a reduced change in psychomotor NP domain score as significantly
associated with higher LC at T2 (P = .02). Adding the BDI-II to model
3 made no substantive changes to model 2, and depressive symptoms
were not significant. We fit an additional model with an interaction
between ET and the T1 to T2 psychomotor score; when the additional
term was added, both the interaction and the primary effect of the T1
to T2 psychomotor score became nonsignificant. Figures 2A and 2B
show scatterplots of the NP psychomotor domain change score and
the associated PAOFI LC score at T2, according to receipt of ET. Lower
scores (ie, fewer complaints) on the LC at T2 are associated with
greater change (improvement) in NP score, with a significant correla-
tion (r = —0.19; P = .04) only for patients who received ET (Fig 2B).
Given the patterns of association between ET and past HT, we fit
separate models that included indicators for AT and TAM therapy, as
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Table 2. Regressions of LC PAOFI Scores at T2

Regressions of Log(1 + T2 PAOFI LC score) (n = 169)

Model 1: Demo/Med Only*

Model 2: Add 2 NP Domainst Model 3: Add BDI-II+

Variable Parameter Estimate P Parameter Estimate P Parameter Estimate P

Intercept 0.81 21 0.56 .39 0.50 44
Log(1 + T1 PAOFI LC score) 0.54 .001 0.56 <.001 0.54 < .001
T1 age 0.00 .65 0.00 .59 0.00 .52
T11Q (WTAR) —0.01 .07 —-0.01 18 —0.01 18
Prior treatment

Chemotherapy and radiation —0.01 .96 0.02 .87 —0.00 .98

Chemotherapy alone 0.11 .52 0.12 49 0.07 .70

Radiation alone —0.08 .60 —0.08 .60 —0.10 49
Time since last treatment to T1, months 0.02 .75 0.02 .75 0.01 .83
ET and past HT

Both ET and HT 0.56 .001 0.58 <.001 0.55 < .001

ET only 0.35 .003 0.34 .003 0.33 .004

HT only 0.34 .06 0.34 .06 0.31 .08
Change in NP domain from T1 to T2 (+ = better)

Psychomotor -0.26 .02 -0.23 .05

Executive function 0.08 0.43 0.09 .33
T2 BDI-II 0.01 10

NOTE. Bold font indicates P =.05.

initiation of ET; WTAR, Wechsler Test of Adult Reading.
“R?, 0.38; model Fvalue, 9.7; P < .001.
tR?, 0.40; model F value, 8.7; P < .001.
+R?, 0.41; model Fvalue, 8.3; P < .001.

Abbreviations: BDI-Il, Beck Depression Inventory II; ET, endocrine therapy; HT, previous hormone therapy; IQ, intelligence quotient; LC, language and
communication; NP, neuropsychological; PAOFI, Patient’s Assessment of Own Functioning Inventory; T1, before initiation of endocrine therapy; T2, 6 months after

well as an HT interaction term for each of the therapies (Appendix
Tables A4 and A5, online only). In models including TAM and Al
indicators (Appendix Table A4), both were significant and consistent
with the findings in Table 2. In models that included interaction terms
between type of ET and past HT, only the interaction between past HT
and Al was statistically significant (Appendix Table A5), yet past HT
alone was also significant (P = .05).

We performed additional regression models that included the
verbal fluency NP test results using the Controlled Oral Word Associ-
ation Test (F-A-S), given the specific nature of the LC complaints
associated with ET at T2. Using the change in F-A-S score between T1
and T2, higher LC scores at T2 were negatively correlated with the
F-A-S change score (P = .02) along with ET at T2 (P = .006), interac-
tion between ET at T2 and prior HT (P = .004), depression (P = .04),
and T1 LC score (P < .001), with model R* = 0.41 (data not shown).

ETs for breast cancer are widely prescribed and are an important
component of standard adjuvant therapy. Clinically, TAM and Als are
fairly well-tolerated, although the need to take therapy for 5 or more
years is associated with nonadherence and reduced benefit.””** Re-
porting of cognitive difficulties after breast cancer treatment varies
substantially, and the ability to attribute post-treatment complaints to
specific therapies has been complicated by limited data on the poten-
tial contribution of ET. The validity of self-reported cognitive com-
plaints has been questioned,”*' and until recently, only NP testing
was considered a valid measure of cognitive functioning. However, the
advent of sensitive neuroimaging studies has increased the ability to

3564 © 2014 by American Society of Clinical Oncology

link functional imaging changes with both self-reported complaints
and NP testing.32 Thus, in the MBS cohort we examined both of
these outcomes.

Studies in healthy women have demonstrated a positive relation-
ship between estradiol levels, verbal memory, and verbal fluency> %
for example, improved verbal fluency associated with changes in es-
tradiol between the follicular and luteal phases of the normal men-
strual cycle.’® Given these and other reported salutary effects of
estrogen on cerebral function, occurrence of adverse cognitive effects
from adjuvant ET would not be surprising.*® In the MBS, we exam-
ined both self-reported and objective assessments of cognitive func-
tion before and after initiation of ET. At T2, women who had initiated
ET reported significantly higher LC complaints than those who did
not receive ET. These complaints were represented by PAOFI items
such as “Is it easier to have people show you things than it is to have
them tell you about things?,” “How often do you have difficulty
thinking of the names of things,” and “How often do you have diffi-
culty thinking of the words [other than names] for what you want to
say.” These were the most frequently endorsed LC items at T2, ranging
from 43% to 24% of the sample. In multivariable regression models,
the significant predictors of higher LC score at T2 (greater LC com-
plaints) were the T1 LC score, ET at T2, the combination of past use of
HT with current use of ET, as well as less improvement (change) in the
psychomotor speed NP domain score. Diminished performance in
this NP domain may be related to the underlying LC complaints.
Slowed processing speed limits the rate of intake of spoken information,
which might be expected to adversely impact a person’s ability to
comprehend more complex or voluminous conversations. Our
finding of less improvement in the verbal fluency (F-A-S) score in

JOURNAL OF CLINICAL ONCOLOGY
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Fig 2. Scatterplots examining the relationship between T2 Patient's Assess-
ment of Own Functioning Inventory (PAOFI) language and communication (LC)
score (raw score) and the change in age and intelligence quotient-adjusted
neuropsychological (NP) psychomotor domain score for individual participants
from T1 (before initiation of endocrine therapy) to T2 (6 months after initiation of
endocrine therapy). An NP change score greater than 0 indicates improvement.
Correlations reported are based on the log-transformed LC PAOFI score. (A) For
the 51 participants who did not receive endocrine therapy, r = 0.00 and P = .98,
indicating no significant relationship between higher LC complaints and the
change in NP psychomotor function between T1 and T2. (B) For the 122
participants who received endocrine therapy, r = —0.19 and P = .04, indicating

a significant relationship with higher LC complaints associated with smaller
improvements in NP psychomotor function between T1 and T2.

Change in Psychomotor
NP Domain Score From T1to T2

PAOQFI Language/Communication Score at T2

association with higher LC complaints at T2 is consistent with a
hypothesized effect of adjuvant ET through lowered serum estra-
diol with AI therapy or direct effects of TAM binding to estrogen
receptors in the brain.

Several small prospective studies found that initiation of ET was
associated with significant changes in NP performance.'">'>*"** Schil-
der et al*’ found greater memory complaints among patients with
breast cancer than healthy control participants in a small cross-
sectional study of patients participating in the TEAM (Tamoxifen and
Exemestane Multicenter) trial, assessed with self-report and NP test-
ing approximately 2 years after starting either TAM or Al after adju-
vant chemotherapy. There were no significant differences regarding
NP testing between the two ETs. A larger prospective evaluation was
conducted in 179 Dutch postmenopausal patients with breast cancer
without chemotherapy exposure (mean, age 68 years) participating in

WWW.jco.org

the TEAM study and 120 healthy controls, with pretreatment and 1
year after ET NP evaluations."* The authors noted worse NP memory
and executive function scores among TAM recipients compared with
controls and slower processing speed among TAM users compared
with the Al group. Although past HT data was available, its association
with NP testing was not reported. Hurria et al** conducted a small
prospective study of Al therapy comparing 35 older patients with
breast cancer to healthy control participants from pretreatment to 6
months later. Although there were no significant differences in NP
function between the two groups, for a small substudy sample who
underwent positron emission tomography brain imaging, specific
changes in metabolic activity in the medial temporal lobes were ob-
served in association with Al therapy.

The MBS examined the course of cognitive recovery after pri-
mary adjuvant therapy in patients with breast cancer. At T1, before the
start of ET, increased memory and executive complaints were re-
ported in approximately one quarter of the cohort.'? In this analysis,
ET was not associated with memory or executive complaints at T2, nor
was chemotherapy or radiation associated with the higher LC com-
plaints that emerged at T2. The identification of previous exposure to
HT and its interaction with ET in the multivariable regression
models is a novel finding and may help to identify women who are
potentially at greater risk for LC complaints in this setting. In
secondary exploration of the effects of TAM compared with Al
therapy, the interaction with previous HT was only significant for
Al therapy, although only a small number of TAM users (n = 6)
had received past HT. Hormonal effects on the brain are complex,
and itis possible that prior exogenous HT (and its withdrawal) may
prime the brain to be more susceptible to the effects of ET. Overall,
these results have important clinical implications for counseling
patients who may complain of increased difficulty in verbal com-
munication after starting ET. Validation of their complaints may
be clinically reassuring. Additional research is necessary to confirm
our finding of a relationship between diminished recovery of psy-
chomotor speed and ET as a possible mechanism for these
specific complaints.

Limitations of this study include the young age of the sample
(mean, approximately age 52 years) compared with the population
of patients with breast cancer, the lack of prechemotherapy assess-
ments, and the lack of a concurrent healthy control comparison
group; however, for the latter, we had relevant normative reference
data for the PAOFI and NP tests.?* In addition, we focused primar-
ily on self-reported cognitive complaints, given the modest effects
of adjuvant treatments on NP tests in post-treatment survivors of
breast cancer.””> We believe this is one of the first studies to examine
the course of cognitive functioning before and after the initiation
of ET using concurrent control patients with breast cancer who
have not received ET.

The MBS cohort is providing new insights into the potential
mechanisms influencing cognitive complaints after breast cancer
treatments.'*'>* Similar results are emerging from a prospective
study of cognitive function in women with early-stage breast can-
cer at the University of California, San Francisco where adjuvant
ET was found to be a risk factor for cognitive decline independent
of other treatment and demographic factors.*” This study also
documented a significant association between perceived cognitive

© 2014 by American Society of Clinical Oncology 3565



difficulties and subsequent decrease in objective NP test perfor-
mance. We hope that accumulating data from multiple studies will
identify risk factors for cognitive difficulties after breast cancer
treatment, and that with tailored therapies and cognitive rehabili-
tation strategies,*® we can effectively diminish this feared compli-

cation of breast cancer treatments.
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Appendix

Table A1. NP Testing Battery™

Cognitive Domain NP Measure Qutcome Variable
Estimated 1Q WTAR Standard score
Verbal learning CVLT-2 List A, total score; learning slope
Verbal memory WMS-3 logical memory, immediate, total score; logical memory, delay, total score; logical memory, percent retention
Visual learning BVMT-R Trails 1-3 total score; learning score
Visual memory BVMT-R Delayed recall; percent retention
Visuospatial function ROCF, WAIS-3 Complex figure copy score; block design, total score
Psychomotor speed WAIS-3, Trails, Stroop  Digit symbol, raw score; Trails A, completion time; Stroop color naming, completion time
Executive function Halstead-Reitan Trails B completion time; Stroop interference trial, completion time

WAIS-3 Letter-number sequencing raw score

Motor speed/dexterity  Grooved pegboard Nondominant, completion time; dominant, completion time

Abbreviations: BVMT-R, Brief Visuospatial Memory Test (revised); CVLT-2, California Verbal Learning Test, (2nd ed); 1Q, intelligence quotient; NP, neuropsycho-
logical; ROCF, Rey Osterreith Complex Figure; Trails, Trailmaking Test, Parts A and B; WAIS-3, Wechsler Adult Intelligence Scale (3rd ed); WMS-3, Wechsler
Memory Scale (3rd ed); WTAR, Wechsler Test of Adult Reading.

“NP test scores were standardized to z-scores, with positive scores indicating outcomes better than age-corrected normative scores (with a mean of 0 and standard
deviation of 1) and negative scores reflecting lower-than-normative performance. Domain scores reflect average z-scores across each NP outcome included within
the domain.
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Table A2. Patient Characteristics According to Type of Endocrine Therapy at T2 (only those patients [n = 118] who were using either tamoxifen or
aromatase inhibitors)

Tamoxifen at T2

Aromatase Inhibitor at

(continued on following page)

(n=61) T2 (n =57)
Characteristic No. % No. % P
Age at T2, years < .001
Mean 47.9 58.6
SD 6.5 3.8
Time since diagnosis at T2, months .92
Mean 12.3 12.3
SD 2.6 2.7
Time since last treatment at T2, months .06
Mean 7.5 7.2
SD 1.0 0.9
BMI at T2 72
Mean 25.0 25.4
SD 5.5 5.1
Race A&
White, non-Hispanic 47 77 50 88
Hispanic 7 11 4 7
Black 2 3 0 0
Asian 4 7 1 2
Other 1 2 2 4
Marital status .35
Married 39 64 41 72
Not married 22 36 16 28
Education .01t
Post college 29 48 33 58
College 26 43 11 19
No college degree 6 10 13 23
Employment status .64
Full or part-time 40 66 35 61
Not employed 21 34 22 39
Annual household income .07
= $100,000 44 73 32 57
< $100,000 16 27 24 43
Surgery 12
Mastectomy 22 36 13 23
Lumpectomy 39 64 44 77
Treatment A7
Chemotherapy and radiation 21 34 28 49
Chemotherapy only 11 18 4 7
Radiation only 23 38 22 39
Neither 6 10 3 5
Anthracycline use (if chemotherapy received; n = 64) 1.0
Yes 7 22 7 22
No 25 78 25 78
Trastuzumab use at baseline .88
Yes e 15 9 16
No 52 85 48 84
Stage at diagnosis 11
0 8 13 1 2
| 31 51 29 51
Il 17 28 22 39
1l 5 8 5 9
Previous HT < .001
Yes 6 10 32 57
No 54 90 24 43
Menopausal status at T1 (no data for T2) < .001
Pre- or perimenopausal 47 77 4 7
Postmenopausal 14 23 53 93
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Table A2. Patient Characteristics According to Type of Endocrine Therapy at T2 (only those patients [n = 118] who were using either tamoxifen or
aromatase inhibitors) (continued)
Tamoxifen at T2 Aromatase Inhibitor at
(n=61) T2 (n =57)
Characteristic No. % No. % P
SF-36 at T2 .001
PCS
Mean 52.7 47.7
SD 7.3 9.2
MCS .39
Mean 48.6 50.1
SD 9.8 9.2
BDI-II at T2 .65
Mean 8.9 8.4
SD 6.2 6.9
PAOFI at T2
Total 27
Mean 3.5 4.5
SD 4.3 5.7
Memory 71
Mean 1.5 1.6
SD 1.8 2.2
Higher-level cognition .27
Mean 0.6 0.9
SD 1.4 1.9
Language and communication 25
Mean 1.3 1.7
SD 1.8 1.9
Motor/sensory Processing 14
Mean 0.2 0.3
SD 0.5 0.7
NP testt
Verbal learning 44
Mean 0.69 0.54
SD 0.6 0.7
Verbal memory .16
Mean 1.13 1.05
SD 0.5 0.7
Visual learning .69
Mean 0.06 -0.02
SD 0.6 0.7
Visual memory .30
Mean 0.01 0.06
SD 0.8 0.9
Visuospatial function .53
Mean -0.18 -0.12
SD 0.6 0.6
Psychomotor speed .06
Mean 0.79 0.56
SD 0.6 0.7
Executive function .09
Mean 0.66 0.47
SD 0.7 0.8
Motor speed .05
Mean 0.31 -0.16
SD 0.9 1.1

NOTE. Bold font indicates P =.05.

Abbreviations: BDI-II, Beck Depression Inventory II; BMI, body mass index; 1Q, intelligence quotient; LC, language and communication; MCS, mental component
scale; NP, neuropsychological; PAOFI, Patient's Assessment of Own Functioning Inventory; PCS, physical component scale; SD, standard deviation; SF-36, 36-item
short form healthy survey; T1, before initiation of endocrine therapy; T2, 6 months after initiation of endocrine therapy.

“White v nonwhite.

tAlthough there is a significant difference (P = .01) when comparing all 3 categories at once, there is no significant difference between post-college and less than
post-college (P = .78).

fUnadjusted; however, P values reflect adjustment for age, 1Q, and treatment type.
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Table A3. Patient Characteristics According to PAOFI LC Complaint Status™ at T2

T1 T2
High LC at T2 Normal LC at High LC at T2 Normal LC at
(n = 54) T2 (n=119) (n = 54) T2 (n=119)
Demo/Med Variable No. % No. % P No. % No. % P
Age, years .31 .31
Mean 52.8 51.5 53.4 52.0
SD 7.1 8.5 7.1 8.6
Time since diagnosis, months .98 .65
Mean 6.0 6.0 12.3 12.5
SD 2.8 2.6 2.8 2.7
Time since last treatment, months 21 .04
Mean 1.0 1.2 7.4 7.8
SD 1.1 1.0 1.3 1.2
BMI .30 A7
Mean 26.2 25.3 25.7 25.1
SD 5.9 5.0 5.7 4.9
Race 261
White, non-Hispanic 41 76 99 83
Hispanic 7 13 8 7
Black 0 0 5 4
Asian 8 6 B) 4
Other 3 6 2 2
Marital status .62
Married 35 65 83 70
Not married 19 35 36 30
Education .96
Post college 28 52 63 58
College 16 30 36 30
No college degree 10 19 20 17
1Q 11
Mean 112.6 114.9
SD 8.8 8.9
Employment status .30
Full or part-time 31 57 78 66
Not employed 23 43 41 34
Annual household income 1.0
= $100,000 34 63 73 63
< $100,000 20 37 43 37
Surgery .93
Mastectomy 19 5| 41 34
Lumpectomy 65} 65 78 66
Treatment .33
Chemotherapy and radiation 24 44 46 39
Chemotherapy only 9 17 11 9
Radiation only 15 28 43 36
Neither 6 11 19 16
Anthracycline use (if received chemotherapy) .97
Yes 8 24 14 25
No 25 76 43 75
Trastuzumab use at baseline 31
Yes 10 19 15 13
No 44 81 104 87
Stage at diagnosis .32
0 4 7 19 16
| 27 50 53 45
Il 16 30 38 32
I 7 13 9 8
Previous HT .09
Yes 20 39 31 26
No 31 61 87 74

(continued on following page)
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Table A3. Patient Characteristics According to PAOFI LC Complaint Status™ at T2 (continued)

T1 T2
High LC at T2 Normal LC at High LC at T2 Normal LC at
(n = 54) T2 (n=119) (n = 54) T2 (n=119)
Demo/Med Variable No. % No. % P No. % No. % P
Menopausal status at T1 .28
Pre- or perimenopausal 22 41 59 50
Postmenopausal 32 5/8) 60 50
Time since LMP, months .61
Mean 67.7 60.3
SD 87.8 86.2
ET at T2
Yes 46 85 76 64 .004
No 8 15 43 36
Endocrine type at T2 (if ET received) .30%
Tamoxifen 20 43 41 54
Aromatase inhibitor 24 52 33 43
Ovarian suppression 2 4 2 3
SF-36
PCS .009 .03
Mean 42.8 471 47.4 50.8
SD 10.5 8.2 10.1 7.5
MCS < .001 < .001
Mean 44.4 51.5 45.7 51.5
SD 9.4 8.4 9.8 8.7
BDI-II < .001 .001
Mean 121 7.2 1.3 7.3
SD 7.4 5.9 7.9 6.1
PAOFI §
Total < .001 < .001
Mean 6.1 2.0 8.5 1.5
SD 5.6 3.2 5.4 2.0
Memory < .001 < .001
Mean 25 1.0 2.9 0.8
SD 2.4 1.8 2.3 1.3
Higher-level cognition < .001 < .001
Mean 1.4 0.2 1.8 0.2
SD 2.1 0.8 2.3 0.7
Language and communication < .001 < .001
Mean 1.8 0.6 3.3 0.3
SD 1.7 1.0 1.5 0.5
Motor/sensory processing .02 .04
Mean 0.5 0.2 0.5 0.2
SD 0.9 0.4 0.9 0.5
NP test]
Verbal learning .67 71
Mean 0.53 0.52 0.55 0.65
SD 0.6 0.7 0.6 0.7
Verbal memory b1 43
Mean 0.64 0.76 1.01 1.14
SD 0.6 0.6 0.7 0.6
Visual learning .85 .20
Mean —0.05 0.03 -0.15 0.03
SD 0.6 0.7 0.6 0.7
Visual memory .95 .65
Mean -0.06 -0.01 0.03 0.02
SD 0.9 0.7 1.0 0.8
Visuospatial function .69 .68
Mean -0.39 -0.27 -0.27 -0.18
SD 0.7 0.7 0.7 0.6

(continued on following page)
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Table A3. Patient Characteristics According to PAOFI LC Complaint Status™ at T2 (continued)

T1 T2
High LC at T2 Normal LC at High LC at T2 Normal LC at
(n = 54) T2 (n=119) (n = 54) T2 (n=119)
Demo/Med Variable No. % No. % P No. % No. % P
Psychomotor speed 14 .01
Mean 0.35 0.60 0.48 0.82
SD 0.7 0.6 0.7 0.6
Executive function .02 .02
Mean 0.09 0.47 0.28 0.65
SD 0.7 0.7 0.8 0.7
Motor speed .50 .25
Mean -0.37 -0.18 -0.10 0.17
SD 1.1 0.9 1.1 0.9

NOTE. Bold font indicates P =.05.

Abbreviations: BDI-II, Beck Depression Inventory II; ET, endocrine therapy; HT, hormone therapy; 1Q, intelligence quotient; LC, language and communication; LMP,
last menstrual period; MCS, mental component scale; NP, neuropsychological; PAOFI, Patient’s Assessment of Own Functioning Inventory; PCS, physical
component scale; SF-36, 36-item short form healthy survey; SD, standard deviation; T1, before initiation of ET; T2, 6 months after initiation of ET.

“Women whose LC scores were within one standard deviation of healthy norms were categorized as Normal LC, while women whose LC scores were at least
one standard deviation higher than healthy controls were categorized as High LC

TWhite v nonwhite.

fTamoxifen v aromatase inhibitor.

8Because the PAOFI variables are not normally distributed, P values are the result of ttests performed on log(1 + x).

flUnadjusted; however, P values reflect adjustment for age, 1Q, and treatment.

Table A4. Regressions of Log Transformed T2 LC PAOFI Scores Including Separate Dummy Variables for Type of Endocrine Therapy and HT Separately
Without Interaction

Regressions of Log (1 + T2 PAOFI LC score; n = 165)

Model 1: Demo/Med Only* Model 2: Add 2 NP Domainst Model 3: Add BDI-I1+

Variable Parameter Estimate P Parameter Estimate P Parameter Estimate P

Intercept 0.93 .16 0.70 .30 0.65 33
Log(1 + T1 PAOFI LC score) 0.56 <.001 0.57 <.001 0.55 .001
T1 age -0.00 .94 —-0.00 .98 0.00 .96
T11Q (WTAR) -0.01 .08 —0.01 .20 -0.01 19
Previous treatment

Chemotherapy and radiation —0.00 .98 0.02 .87 —0.00 .0

Chemotherapy alone 0.07 .68 0.08 .65 0.04 .83

Radiation alone -0.07 .64 -0.07 .64 -0.09 .54
Time since last treatment to T1, months 0.02 .66 0.02 67 0.02 73
Ever had HT 0.22 .03 0.25 .02 0.22 .04
Had TAM at T2 0.30 .009 0.29 .01 0.28 .01
Had Al at T2 0.36 .004 0.36 .004 0.36 .004
Change in NP domain from T1 to T2 (+ = better)

Psychomotor -0.26 .03 -0.23 .05

Executive function 0.08 43 0.09 .34
T2 BDI-II 0.01 16

NOTE. Bold font indicates P =.05.

Abbreviations: Al, aromatase inhibitor; BDI-II, Beck Depression Inventory II; HT, hormone therapy; 1Q, intelligence quotient; LC, language and communication; NP,
neuropsychological; PAOFI, Patient’'s Assessment of Own Functioning Inventory; TAM, tamoxifen; T1, before initiation of endocrine therapy; T2, 6 months after
initiation of endocrine therapy; WTAR, Wechsler Test of Adult Reading.

“R?, 0.39; model Fvalue, 10.0; P < .001.

tR?, 0.41; model F value, 8.9; P < .001.

$R?, 0.42; model F value, 8.4; P < .001.
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Table A5. Regressions of Log Transformed T2 LC PAOFI Scores Including Type of Endocrine Therapy, HT, and the Interaction Between Them

Regressions of Log (1 + T2 PAOFI LC score; n = 165)

Model 1: Demo/Med Only*

Model 2: Add 2 NP Domainst

Model 3: Add BDI-II+

Variable Parameter Estimate P Parameter Estimate P Parameter Estimate P

Intercept 1.02 13 0.78 .25 0.73 .28
Log (1 + T1 PAOFI LC score) 0.56 <.001 0.58 .001 0.56 < .001
T1 age —-0.00 .84 —0.00 .89 —0.00 .96
T11Q (WTAR) —0.01 .06 —0.01 .16 —0.01 15
Previous treatment

Chemotherapy and radiation -0.01 .94 0.02 91 —0.01 .96

Chemotherapy alone 0.05 .76 0.06 72 0.02 91

Radiation alone —0.06 .69 —0.06 .68 —0.08 .58
Time since last treatment to T1, months 0.03 .62 0.02 .64 0.02 71
Had HT alone 0.38 .04 0.37 .04 0.35 .05
Had TAM alone 0.35 .004 0.34 .006 0.33 .007
Had Al alone 0.43 .007 0.42 .008 0.41 .009
Had TAM + HT 0.40 .09 0.44 .06 0.39 10
Had Al + HT 0.62 <.001 0.63 .001 0.61 < .001
Change in NP domain from T1 to T2

(+ = better)

Psychomotor -0.24 .04 -0.22 .07

Executive function 0.08 42 0.09 .33
T2 BDI-II 0.01 16

NOTE. Bold font indicates P =.05.

Abbreviations: Al, aromatase inhibitor; BDI-II, Beck Depression Inventory II; HT, hormone therapy; 1Q, intelligence quotient; LC, language and communication; NP,
neuropsychological; PAOFI, Patient’'s Assessment of Own Functioning Inventory; TAM, tamoxifen; T1, before initiation of endocrine therapy; T2, 6 months after

initiation of endocrine therapy; WTAR, Wechsler Test of Adult Reading.

“R?, 0.40; model F value, 8.4; P < .001.
tR?, 0.42; model F value, 7.6; P < .001.
+R?, 0.43; model F value, 7.3; P < .001.
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